Fine-sized magnesium metaphosphate , calcium metaphosphate, or zinc metaphosphate glass powders were reacted with distilled water and hydration
INTRODUCTION
Fast proton conducting materials have attracted considerable attention because of their potential use in fuel cells , power storage devices and chemical sensors.
Performances of the electrochemical devices are controlled by abilities of electrolytes such as proton conductors. Recently , we succeeded in forming a viscous gel material by reacting calcium metaphosphate glass powders , whose surface chemicalpotential was enhanced by crushing , with distilled water quickly.1) At this stage, hydrogelations of magnesium metaphosphate , calcium metaphosphate,and zinc metaphosphate glass powders were found .2,3) The hydrogelation maybe closely related to bonding strength of long phosphate chain structure .
We are now discussing fuel cells and hydrogen gas sensors using the metaphosphate glass-derived hydrogels . In the present work, the possibilityfor a new application to an electric double-layer capacitor (EDC) electrolyte will be discussed utilizing high ionic conductivities of the hydrogels . The EDC has been recognized as an important device, not only as a substitute for the dielectric capacitor but as a next-generation rechargeable power source , because of its large capacity in farad order.4) A typical EDC includes an electrolyte sandwiched with two electrodes . In general, acids, bases or salts dissolved in aqueous or organic solvents are used for the electrolytes. The aqueous liquid electrolytes (e.g., H2SO4 , KOH) have been applied to EDC because of their high conductivity at around room temperature . However, the corrosive aqueous liquid electrolytes may induce dangerous leakage , resulting in degradation in safety and lifetime of EDC . To solve the problem, EDC using a solid electrolyte such as Nafion(R) membrane is investigated , but it is not easy to prepare the excellent contact of the electrolyte with the electrodes .5) EDC consisting of the hydrogels which show relatively high viscosity , may have an advantage in preparation of EDC since good handling and safety due to no leakage of liquid components are expected. RESULTS AND DISCUSSION Fig. I . shows 31P MAS-NMR spectra of the MP gel ,CP gel,and ZP gel. Generally, for the metaphosphate glasses consisting of long -chain phosphate structures, an isotropic peak with the broad width around -25 ppm for theQ2 group (th e bonding of PO4 tetrahedron is described as Qn units , where n is the numher of bridging oxygens to neighboring tetrahedral)6) is seen .7) The three kinds of hydrogels have Q0 and Q1 peaks , due to the orthophosphate group and the end phosphate group, respectively, which are not seen for the metaphosphate glasses . The glasses are suggested to be immediately hydrolyzed to break the phosphate chains, resulting in formation of the Q0 and Q1 groups .
In case of the MP gel and CP gel , small three peaks in the Q2 band of -20 to Since the hydrogels have numerous Q0 and Q1 groups and water, they show fast proton conduction due to high proton activity.8) We discussed in the previous papers that proton from hydroxyl bonds such as P-OH or Si-OH and a proton hopping between hydroxyl groups and water molecules.9) Fig.3 shows the temperature dependence of electrical conductivities for the MP gel, CP gel, and ZP gel after the duration of the mixture consisting of the glass powders and DW for 3 days.
The conductivities vary exponentially with reciprocal absolute temperature, according to the following equation:
where E is activation energy for the conduction, 
